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CITY OF BOSTOI^. 



CocHiTUATE Water Board Office, 

Boston, March 13, 1873. 
To the Oily Council : — 

Immediately aft^r the acceptance of the Legislative Act, 
authorizing the City of Boston to receive an additional 
supply of water from Sudbury river, the Cochituate Water 
Board gave such attention to the subject as would secure 
temporary advantages from this source. 

This being accomplished, the Engineer employed upon 
that work (our present efficient City Engineer) was author- 
ized to make such surveys and estimates as would lead to an 
intelligent decision upon the most feasible route for the con- 
struction of a new and independent conduit, which will give 
us the permanent advantages which the Sudbury river is so 
abundantly able to furnish. 

These surveys being made, the Board sent for Mr. E. S. 
Chesbrough, of Chicago (the accomplished Engineer under 
whose direction our present works were constructed), to 
examine the proposed route, and pass his judgment upon the 
plans. 

Mr. Chesbrough cheerfully responded to our invitation, 
and spent several days upon the work. 

The extended report of the Engineer, and the comments 
of Mr. -Chesbrough, are submitted herewith. 

The rapid growth of our city, and the certain prospects of 
unprecedented increase in the immediate future, render it 
unnecessary to make any arguments in favor of the object. 
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This Board would ask the early attention of the City 
Council to the consideration of the subject, and suggest 
that an appropriation of 500,000 dollars be made, and the 
work commenced without delay. 

CHARLES H. ALLEN, 
JOHN A. HAVEN, 
ALEX. WADSWORTH, 
Committee on Additional Supply of Water. 
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ENGINEER'S PEELIMINAET EEPOET. 



Engikeer's Office, Water Department. 

Boston, Jan. 27, 1873. 
Charles H. Allen, Esq., President Cochituate Water 
Board: — 
Sm, — In submitting for your consideration the following 
report relating to an additional supply of pure water, I finish 
the duties assigned to me in your orders of November, 1871. 
By those orders I was instructed to examine and report 
upon all the sources of supply within fifty miles of Boston, 
that might appear worthy of attention, and to prepare esti- 
mates of cost of works for collecting and conveying their 
waters to the city. 

THE NEED OF AN ADDITIONAL SUPPLY. 

The necessity of acquiring a supply in addition to that 
furnished by Lake Cochituate, to provide for the exigencies 
of a long-contiuuing drought or to meet the natural increase 
of consumption, has been strongly urged for some years past 
in the reports of the City Engineer, and the experience 
gained during, the dry season of 1871, when the Lake became 
completely exhausted of its storage, properly so called, and 
recourse to pumping was had, has demonstrated that his 
arguments were based upon a just estimate of the wants of 
the city and the capacity of its source of supply. 

So great was the consumption in the early days of the 
Cochituate works, that fears were entertained a few years 
after their completion that rigid restrictions to prevent waste 
of water would have to be placed upon its use. 
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As early as 1856 it was found expedient to prevent ^any 
considerable playing of the fountains, except occasionally on 
public days,** and the Water Board, in its report for that year, 
says: "Unless these suggestions" (of methods to prevent 
waste) ^ or others having *the same object can be wrought 
out into practical results that shall effect a substantial dimi"- 
nution in the individual consumption of water in future, as 
the population increases) the Board is forced to admit the 
necessity for obtaining an additional supply is no longer to 
be disregarded." 

Again, in its report for 1860, it says: ''Two conclusions 
seem to this Board now to be reached, of a practical character. 
The jflrst is that the Lake can be relied on for no greater 
supply of water than has been drawn from it this year ; and 
the second is that the aqueduct can convey no more water 
than it has done this year." 

While it seems right to suppose that the necessity of soon 
obtaining an additional supply had, at the beginning of 1872, 
by being frequently represented to the public, been fully im- 
pressed upon the minds of all having interest in the matter, 
it may nevertheless be well to here give a few facts bearing 
upon the subject. 

In Mr. Crafts' report for 1871, will be found the average 
daily quantities of water for the several years, as determined 
by the flow in the conduit and gaugings at the overfall of the 
dam, that could have been supplied since 1852, had the 
storage capacity of the Lake and the use in the city been 
sufficient to entirely prevent the waste of flood waters ; also 
there will be found the average daily consumption for each 
year during that period. 

The following table and diagram show these averages, in 
gallons, lor the twelve years ending January 1, 1872. 
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Engineek's Report. 5 

While in the report for 1863 it is stated that the method 
of reckoning the consumption employed for some time pre- 
vious to that year, gave results considerably in excess of the 
truth, yet as the amount of water passing through the Lake 
is estimated in . part by the same method, the above figures 
offer a sufficiently correct basis for the comparison here 
made. 

It will be seen that so far back as in 1860, the consump- 
tion in the city very nearly equalled the supply to the Lake. 
Although the Lake stood somewhat higher at the end of that 
year than at the commencement, there was no waste over the 
outlet dam. The rainfall of 1860 was 55.44 inches. 

In 1864 the consumption exceeded the yield from the 
drainage area by 1,314,606 gallons per day, or by 479,- 
831,000 gallons for tKe year ; and for want of storage capac- 
ity, 1,368,746,000 gallons were wasted. There was there- 
fore a demand of 1,848,577,000 gallons upon the stftrage of 
previous years, which nearly emptied the Lake ; its available 
capacity being about 2,000,000,000 gallons. 

Had the following year been one of even moderate drought, 
the city would have been limited to a partial supply. 

The rainfall for 1864 was 42.6 inches, or nearly equal to 
the average fall of this section, and that for 1865 was 49.46 
inches. 

In 1871 the consumption exceeded the supply to the Lake 
by 747,680 gallons per day, pr 272,903,000 gallons for the 
year, although the rainfall was 45.39 inches. At the close 
of 1870 the Lake stood at a very low level, and the demand 
of 1871 completely exhausted the storage above the flow line 
of the conduit, and necessitated the use of pumps to raise 
the water from a lower level. 

During the whole period that the city has been supplied 
from this sourfe, there has not been a single year of extreme 
drought, that is, of small rainfall with unfavorable distribu- 
tion of the rains ; had such occurred within the past eleven 



Digitized by LjOOQIC 



6 City Document. — No. 29. 

or twelve years, the supply must have failed. Even in 1871, 
which is usually, spoken of as a season of great drought, 
there were collected 14.68 inches of rain ; but experience has 
proven that in a year of low rainfall and. when the conditions 
are unfavorable for the collection of a large percentage of this 
fall, the amount of.water which entfers the streams and ponds 
of a drainage area like that of Cochituate, is somewhat less 
than equal to a depth of twelve inches over the entire area. 

Taking into consideration the evaporation from water sur- 
faces, it will be found that a yearly collection of twelve inches 
of rain upon the Cochituate Water Shed will furnish a daily 
supply of about 10,000,000 gallons, and to equalize the de- 
livery to the conduit a storage capacity equal to at least five 
and a half feet in depth, above the flow-line of tlie conduit 
(taken at four feet above the bottom) would be required. 

The actual storage capacity of the Lake is equal to a depth 
of nine*feet four inches above this flow-line, and, tinder the 
circumstances supposed, would admit of an increase of the 
consumption, from the accumulation of previous years, of 
about 2,000,000 gallons daily, giving a total daily supply of 
12,000,000 gallons. 

During 1871, the restrictions upon the use of water have 
been quite rigid, and a careful inspection has been main- 
tained to prevent waste ; yet the average daily consumption 
has been nearly 14,000.000 gallons, or two millions per day 
more than the source can be relied upon to yield in a year of 
light rainfall. 

This question of the minimum capacity of the Lake dis- 
trict as a source of supply was well understood and was 
fully stated by the engineers who investigated it previous to 
the construction of the works. In a report made by Messrs. 
Jervis and Johnson, in 1845, it is given at 10,176,570 gal- 
lons daily, with the then proposed storage of eight feet above 
the bottom of Knight's flume (equal to seven feet four inches 
above the flow-line of the conduit), or a less result than that 
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shown by the above calculation for the present storage, of ^ 
about 1,825,000 gallons. ♦ 

It is plain that an additional source of supply was at the 
beginning of 1872 (the Lake being then practically ex- 
hausted) imperatively demanded, and that steps to secure it 
were taken none too early. 

In selecting the new source, I was directed to have in view 
the probable growth of the city, and its future wants ; the 
quality of the water ; the cost of the requisite works for stor- 
ing, purifying and conveying it to the point of distribution ; 
and the then immediate need of k temporary additional sup- 
ply to avert the threatened deficiency of the following season. 

As the last requirement involved the obtaining, during the 
winter session of the Legislature, of an act authorizing the 
city to take such additional water and to build the necessary 
works for temporary relief, it necessitated the selection of 
the source of supply at an early day, and by limiting the time 
for investigation, prevented the making of the usual prelimi- 
nary surveys and estimates of quantities. The selection has, 
therefore, been made from the consideration of only such data 
as were obtained by simple reconnoissance of the grounds, 
and collected from maps, surveys for other public works, and 
the testimony of persons acquainted with the various lo- 
calities. 

The following are the sources that have been exam- 
ined : — 

Sudbury River, Framingham. 

Charles River, Newton. 

Assabet River, Marlborough. 
C Lake Quinsigamond, Worcester. 
c Nashua River, Boylston. 

Merrimac River, Lowell. 

Mystic Lake, Medford. 

Ipswich and Saugus rivers, Essex Co. 

Neponset River, Dorchester. 
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Assawampsety Long, Great and Little Quittacus ponds in 
Middleborough, and Monpon9et and other ponds in Halifax, 
Hanson and Pembroke. 

Taunton River, Bridgewater. 

Flax and other ponds in Lynn. 

Nagog Pond, in Acton and Littleton. ^ 

For such of the above sources as were not rejected either 
for insufficiency or impurity of supply, or as obviously of 
inferior value, approximate estimates of cost of works required 
in each case for collecting and conveying the water were pre- 
pared, which were sufficiently accurate for the object in view, 
and on Feb. 13th, of last year, a verbal report was made to 
your Board, the main points of which are given in the appen- 
dix to this report. 

It was then decided to ask for a charter granting the right 
to take water from either the Charles or the Sudbury river, 
and to leave the choice between these two sources to be made 
when more accurate estimates, based upon careful surveys 
and additional information in regard to the purity of their 
waters, should be presented ; but during the hearing before 
the Legislative Committee to which the matter was refeited, 
it was thought best to limit the petition to a single source, 
and on account of the strong opposition made to the taking 
of the waters of the Charles, except under restrictions and 
conditions that were considered onerous, the Sudbury was 
selected. 

An act authorizing the oity to take water from the Sud- 
bury river and Farm pond, in Framingham, was passed early 
in April, and before the close of the following June this 
source had been connected with Lake Cochituate, and has 
been of service in maintaining the supply during the past 
season. 

Since the first of June surveys have been made to deter- , 
mine a favorable line for the new conduit and the proper loca- 
tion for the storage basins. 
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More careful estimates than those pretiously presented, of 
the quantity of water the new source will 3Meld, of the required 
capacity of the storage basins, and of the cost of works are 
given below. 

available yield of the SUDBURY RIVER. 

In estimating t&e capacity of the Sudbury river as a source 
of supply to Boston, there must be considered, the extent 
and character of its drainage area, the average and minimum 
yearly rainfall of the district, the distribution of the rains 
through the various months of the year, the average and least 
percentages of the rainfall that are carried off by the streams, 
the storage capacity that can be secured, and the probable 
quantity of water reserved in the Legislative act for the use 
of various towns and corporations. 

The area of the water-shed above the outlet of Farm pond, 
as estima^d from the State map, is seventy-three square 
miles. As a rule the drainage slopes are quite steep, and 
the surfaces are not covered with a rich vegetation nor much 
broken up for cultivation, hence a rather large percentage of 
the rainfall may be expected to reach the brooks and streams. 

Although the valleys offer better facilities for making capa- 
cious storage basins than do those of many of the rivers in 
this vicinity, still it would be impossible, without flooding 
populated districts, to secure storage capacity sufficient to 
make available the average percentage of rainfall that flows 
off the surface, or even a close approximation to it. 

It has been customary in this country and in England to 
assume that a very large percentage of the rainfall may be 
made available, but numerous failures to realize in times of 
even moderate drought, the amount estimated upon, have led 
engineers to use a much smaller percentage than formerly. 
As furnishing instruction on this point, the experience had 
with the gravitation water supply to Liverpool is here given. 

The works that furnish the supply are known as the Riv- 
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ington Gravitation Wbrks. The area of the water-shed from 
which water is collected is about sixteen square miles. 
The average rainfall for seventeen years is stated at 45.7 
inches. The compensation water stipulated to be given to the 
mills is 9,960,000 U. S. gallons per day, or about thirteen 
inches of rainfall. 

The storage capacity was 48,500 cubic feet per acre of 
collecting ground, but this has recently been increased to 
68,500 j^cubic feet. "The average rainfall of the district 
was originally taken at foi-ty-eight inches, of which thirty- 
six inches (or seventy-five per cent.) was assumed to be 
available " for the use of the city and for mill compensation. 

"The average of eleven years' rainfall delivered to Liver- 
pool has been only fourteen and a half inches, and in 1865 
only nine and three-quarters inches, instead of the twenty- 
four originally anticipated." 

It is stated that the present storage capacity 8f 68,500 
cubic feet per acre has little chance of being filled in a run 
of dry years ; indeed, the corporation engineer estimates 
that even with this enormous storage the average^ yield will 
only be equal to 12,600,000 U. S. gallons per day, while re- 
liance should not, he says, be placed on more than 10,800,000 
gallons (equal to 14.2 inches of rainfall) in cycles of three 
dry years. 

Upon this estimate, the total collection, including the com- 
pensation to the mills, would be 14.2 + 13. = 27.2 inches, 
or fifty-nine and a half per cent, of the average rainfall, and 
this is with a storage equal to about two hundred and ten 
days' supply. 

The drainage grounds of the Rivington Works must ajSbrd 
unusual advantages for collecting water. The amount of 
storage provided shows that the slopes are steep, and un- 
doubtedly the geological formation is generally of an imper- 
vious character, else basins covering such large areas would 
not have been built. 
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The losses by evaporation and absorf)tion are much less in 
the English climate than in this. As illustrating the diiSer- 
ence in capacity to absorb moisture, of the atmospheres of the 
two countries, it may be stated that the mean yearly evapo- 
ration from water surfaces was determined by six years of 
experiment at Whitehaven, England, to be 30.03 inches, 
while experiments lasting for one year showed it to be at Og- 
densburg, N. Y. 49.37 ^inches, and at Syracuse, N. Y., 50.2 
inches. Observations taken at Salem and Cambridge, Mass., 
determine it at about 56 inches. In England the yearly losses 
are comparatively uniform, and are usually estimated at from 
nine to sixteen inches in depth ; here they are very variable, 
but are found to be as an average equal to about one-half of 
the rainfall, or say from fifteen to thirty inches of depth, or 
about ten inches more than in the former place. This differ- 
ence mav, perhaps, be more satisfactorily shown by a com- 
parison of percentages of yield. The total yield of the 
Rivington district for a term of six years* was about seventy- 
four per cent, of the rainfall, the average fall during that 
period being forty-five inches. On the Cochituate district 
the average yield for a long term of years is found to have 
been about forty per cent. These results give the ratios of 
yield between the two districts as one hundred to fifty-four. 

The average yearly rainfall of Eastern Massachusetts is not 
very different from that of Liverpool, but the portion 6f it 
which can be made available for a water supply is much less. 
Applying the proper corrections to the Liverpool results, it 
will be found that with a storage equal to two hundred days' 
8iipi)Iy, from sixteen to eighteen inches of depth may be 
reckoned upon as available, from a water-shed having steep 
slopes and a surface of an impervious character. 

In 1865, the quantity of water received from the drainage 
area at Liverpool was equal to twenty-three inches of depth 
only, and the supply to the city was maintained by drawing 
upon the water of previous years, held in storey with the 
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greater evaporation of this climate, the quantity collected 
would have been reduced to twelve or thirteen inches. This 
conforms very closely to the results of experiments made 
here, which, as before stated, gave a minimum yearly col- 
lection of about twelve inches. With the storage capacity 
proposed for^the Sudbury district, which is relatively about 
one-fifth that already provided for the Liverpool works, it 
will not be safe, in estimating for the minimum yearly supply, 
to assume that water may be stored from the surplus of one 
year to be used in a succeeding one. 

Twelve inches of available rainfall should therefore be us*ed 
as the basis of the estimate. 

Deducting three square miles for water surfaces, to offset 
the evaporation from the storage basins, the drainage area of 
the Sudbury river above the outlet of Farm pond is seventy 
square miles, twelve inches in depth upon which, would pro- 
vide a supply of forty million gallons per day. * 

In the City Engineer's report for 1871, tables are given 
which show the monthly rainfalls, and the percentages flow- 
ing into the Lake, for the previous nine years. The follow- 
ing table is an abstract from them : — 
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The percentage giyen for 1866 is exceptionally low. It 
would seem probable that the rainfall for that year, as 
applied to the entire water-shed, is taken too high. The 
rainfall for 1866 was, in Providence, 46.02 inches ; in Bos- 
ton, 50.7 inches; in Waltham, 43.46; in Lowell, 38.18; if 
the average of these, or 44.6, be taken as more nearly repre- 
senting the fall on the Lake district, the percentage of col- 
lection will be found to be 36 instead of 26, as above given, 
and the average yearly percentage will be increased to 40. 

The Cochituate district is flat and permeable; a large 
fraction of it consists of bog meadows, which retain the 
waters after a rain and permit of excessive evaporation; 
also on the north and east it is bounded by the valleys of the 
Sudbury and Charles, which have a considerably lower eleva- 
tion, and very probably receive, by filtration through the 
permeable earths, a portion of the waters that would other- 
wise find their way to the Lake. 

There are more points of resemblance in the drainage- 
basins of the Croton (the source of supply to New York) 
and Sudbury rivers, than in the basins of the Sudbury and 
Lake Cochituate. 

The following » table, compiled from careful calculations 
made by Mr. Kirkwood, to determine the capacity of stor- 
age reservoirs for an increase of supply to Brooklyn, shows 
the monthly rainfalls for a term of six years, and the per- 
centages of them that flowed to the Croton Dam. The area 
.of the water-shed of that part of the Croton basiif referred 
to in the table, exclusive of water surfaces, is reckoned at 
335 square miles ; the average yearly rainfall is between 40 
and 50 inches* In reference to the rainfall used, Mr. Kirk- 
wood says : " Returns are given of the rainfall at two differ- 
ent points, and for part of the time at three ; one of the 
points is without the basin, but supposed to be characteristic 
of it. Of the other two, one is at the lower end, the Croton 
Lake, and the other toward;^ the centre of the basin." 
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The above percentages of available rainfall are consid- 
erably larger tha» those shown in the table for the Cochitu- 
ate ilistrict, and it is probable that they would hold good for 
the Sudbury, but to make sure of safe results the latter have 
been used in calculating the necessary size of storage-reser- 
voirs. 

The following tables and diagram show the monthly 
available percentages of rainfall for nine years as deter- 
mined by observations at Lake Cochituate, and the storage 
capacities for a water-shed of 70 square miles, that would 
have been required during that time to secure daily supplies 
of 70,495,000 and 40,000,000 gallons ; also the amount of 
water held in store, or the condition of the storage-basins, at 
the e.nd of each month. 

The supply of 70,495,000 gallons, per day, is that which 
would be derived if the total amount of water that is 
assumed to enter the storage-basins could be made available 
for use ; hence the amount of water held in store should be 
the same at the end of 1871, as is assumed to be in the 
basins at the beginning of 1863. The consumption is sup- 
posed to be uniform, that is, the same in quantity for each 
day of the nine years. 
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The above tables show that for a given drainage area an 
increase in any ratio of the daily supply to be furnished 
requires a much larger ratio of increase in the storage. 
Thus, for a supply of 70,000,000 gallons per day, the stor- 
age required by the tables is 2,909,000,000 cubic feet, and 
for a supply of 40,000,000 gallons per day, it is 450,000,000 
cubic feet. The storage capacities are in the ratio of six 
and a half to one, while the daily supplies are in the ratio of 
seven to four. They also show that, in both cases, the 
basins would be emptied in January or near the beginning 
of the year. 

In the nine y^ars covered by the tables there is not 
included a single year of low rainfall. The least yearly fall 
in that time was 42.6 inches, and the least quantity of water 
entering the Lake in any one year was equal to a depth of 
14.68 inches upon the entire water-shed, corresponding very 
closely with the least quantity that reached the Croton dam 
in a period of six years. 

The basins for a supply of 70,000,000 gallons per day 
would have been emptied in January of 1867. 

Had that year been one of extreme drought, or such that 
only 12 inches of rainfall could be collected, the yield 
would have been reduced to 40,000,000 per day, as there 
would be no accumulation of former years left to draw upon. 

To insure the full supply in all seasons the storage must 
be increased by an amount that will provide for the defi- 
ciency of 30,000,000 per day, or to a capacity equal to more 
than 460 days' supply. It may, therefore, be stated that it 
is practically impossible to make available the entire yield of 
any drainage area for d long term of years. 

For the supply of 40,000,000 the basins would have been 
emptied in January of 1866 ; the percentages of collection 
in the succeeding February and March were 49 and 45 
respectively^ but the rainfall for those months happened to be 
fully up to the average ; had it been such as occurred in 
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1856, the calculations would have shown a much larger stor- 
age to be needed. 

The record of the average monthly rainfalls in the vicinity 
of Boston, given in Mr. Crafts' report for 1871, shows the 
falls for February and March of 1856 to have been 0.69 and 
1.01 inches respectively. Applying to these the percent- 
ages above mentioned, to ascertain the quantity collectable, 
it will be found that there results a deficiency in the supply 
for the two months of 185,000,000 cubic feet. 

To insure complete safety this quantity should be added 
to the storage of 450,000,000 cubic feet given by the tables, 
or, in other words, a total storage of 635,000,000 cubic feet 
(equal to the consumption for nearly 120 days or four 
months) should be provided for a daily supply of 40,000,000 
gallons. This gives 14,174 cubic feet of storage per acre of 
water-shed. 

Surveys have been made of seven storage basins, which 
are shown upon plate 11., and are there indicated by the 
numbers I., 11., HI., IV., V., VI. and Vn. These, 
together with Farm pond and Whitehall pond (a reservoir 
built by the city in connection with the Cochituate works, to 
provide compensation water for the mills), give a total stor- 
age of about 648,000,000 cubic feet, as shown in the follow- 
ing table. 

The areas and capacities here given must be considered as 
only approximate, but they are probably under rather than 
in excess of the truth. 
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Areas and eapacitus of proposed Storage Basiniy on Sudbury River and iU 

tributariei. 



Basin. 


Area in square 
feet. 


Area in 
acres. 


Contents in 
cubic feet. 


Contents in 
gallons. 


Elevation of 
flow-line. 


Farm pond . . 
No. I. 

" n 

"Ill 

"IV 

" V 

"VI 

" vn. . . . 

Whitehall pond 


8,276,400 
6,525,010 
6,746,708 
12,424,180 
.6,510,540 
470,160 
2,813,312 
14,221,262 
25,000,660 


100.00 
126.86 
154.88 
285.22 
140.66 
11.00 
64.58 
326.47 
576.00 


20,601,000 

28,423,088 

70,547,146 

153,383,035 

150,000,000 

8,081,000 

18,217,380 

78,322,634 

126,403,200 


154,768,680 

212,604,608 

527,602,652 

1,147,305,100 

1,122,000,000 

23,045,880 

136,266,070 

586,858,800 

038,016,600 


148 
150 
167 
176 
214 
216 
226 
242 


TotalB . . . 


82,007,131 


1,884.67 


648,068,582 


4,847,562,080 


.... 



There are other points, upon Cold Spring, Indian and 
Whitehall brooks, where capacious basins may be built, and 
undoubtedly, with the aid of such basins, the water reserved, 
by the terms of the act, for the use of the mills and of 
Framingham and other towns, may be provided without ciu'- 
tailing the estimated supply for Boston. 

We may, then, after the construction of the proper storage 
reservoirs, rely upon the Sudbury, to furnish at all times a 
daily supply of at least 40,000,000 gallons. With the usual 
or average conditions of rainfall and absorption the supply 
will be about 50,000,000 per day. 

QUALITY OF WATER. 

Previously to the selection of the Sudbury as the new 
source for the additional supply, no analysis of its water had 
been published or was at command. 

Th6re were, however, various reasons for believing that it 
is unusually free from deleterious matter either in solution or 



Digitized by LjOOQIC 



Engineeb's Eepobt. 29 

held suspended. Such was the testimony of all persons con- 
sulted, who had observed and used it. It is used, as taken 
from the river, in all the processes of bleaching, and is noted 
for its fitness for the purpose, which would indicate that it is 
generally free from color, and from matter in suspension. 

The country drained is of a character to insure purity of 
supply ; it is for the most part very sparsely populated, con- 
tains few or no soluble rocks or earths, has quick drainage 
slopes that are not much cultivated, and maintains on its 
streams comparatively little manufacturing of an objectionable 
nature. 

After heavy rains in the summer and fall, when the drainage 
surfaces are covered with dead and decaying vegetable matter, 
the waters of rivers draining cultivated districts, or districts 
covered with forests and grasses, usually become more or less 
colored by such portions of this vegetable matter as are readily 
taken up in solution, or as have been washed into the streams 
and are held in minute forms, mechanically suspended. 

The conditions in regard to the frequency of the rains and 
the amount of vegetable substances in a ripe state to be acted 
upon, that have obtained during the past summer and fall, 
have been such as to develop and maintain a high color in 
river waters generally. Owing to the dryness of the previ- 
ous year, there has been an unusual accumulation of vegetable 
matter ready to be taken up, either in solution or suspension, 
and there have been constantly recurring rains of a magni- 
tude to produce a complete saturation of this matter, and a 
flow over the land surfaces to the streams. 

All the streams in this part of the country appear to have 
been affected to an unusual degree. 

The color began to be noticeable in the Sudbury water* 
early in July, and continued in a marked degree till near the 
close of the year. It was of sufficient intensity to render the 
water, as taken directly from the river, unfit for washing and 
many other purposes. 



Digitized by LjOOQIC 



30 City Document. — No. 29. 

Samples were taken when it was at its worst state, and 
submitted to chemists for analysis. The following are the 
results obtained. 

Analysis by Dr. S. D. Hayes of Boston : — 

Specimen A. 

Organic matter .... 4.08 grains. 
Mineral «« . . . . 1.64 ** 

Total of impurities in one gallon . 5.72 " 

Dr. Hayes adds, " Specimen A is brownish yellow and al- 
most brandy-colored ; it contains 4^^^ grains of purely vege- 
table matter, like that obtained by soaking leaves having a 
high tinctorial power. This water is objectionable from its 
color and the comparatively large proportion of vegetable 
matter present, but it is free from animal matter or danger- 
ous drainage." 

Analysis of Professor Chandler, of New York : — 

SPECIMEN A. 

Organic and volatile matter . . 2.03 grains. 
Inorganic 2.93 ** 

Total solids in one gallon . . 4.96 " 

The fact is made evident in the above analyses that there 
may be present, at times, a large and objectionable amount 
of organic matter of vegetable origin, and while it is not 
probable that the conditions which have caused this state of 
the water will again exist in an equal degree, except with long 
intervals, it is nevertheless important to be assured that 
when they do exist the water can be made fit for general 
use. 

In 1867, commissioners were appointed to investigate the 
question of proper sources of supply for London and other 
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large cities, before whom were summoned a great number of 
prominent chemists, and other scientific men, to give their 
views upon impurities in water. The commissioners, in .their 
report, say : — 

" The organic compounds dissolved in water appear to be 
of very instable constitution, and to be very easily decom- 
posed, the great agent in this decomposition being oxygen, 
and the process being considerably hastened by the motion of 
the water. Now, as such waters (l-iver waters) always con- 
tain naturally much air dissolved in them, the decomposing 
agent is ready at hand to exert its influence the moment the 
matter is received into the water, in addition to which, 
motion causes a further action by exposure to the atmos- 
phere." . . . 

" The eflfect of the action of oxygen on these organic mat- 
ters, when complete, is to break them up, to destroy all their 
peculiar organic constitution, and to rearrange their elements 
into permanent inorganic forms, innocuous, and free from 
any deleterious quality. 

" It does not follow that all organic matter in water is 
prejudicial, . . . almost all our drinks, other than 
water, owe their distinctive qualities to the varieties of their 
organic contents." 

Dr. Lj^on Playfair, Professor of Chemistry in the Univer- 
sity of Edinburgh, in his testimony before the commissioners, 
states : — 

" The effect of organic matter in the water depends very 
much upon the character of that organic matter. If it be a 
mere vegetable matter, such as comes from a peaty district, 
even if the water originally is of a pale sherry color, on be- 
ing exposed to the air in reservoirs, or in canals leading from 
one reservoir to another, the vegetable matter gets acted upon 
by the air, and becomes insoluble, and is chiefly deposited ; 
and what remains has no influence on health." 

From our own experience in the use of the Sudbury water 
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last summer and fall, when, as taken from the river, it was 
highly colored, and from some experiments since made, there 
are strong reasons to believe that the effect of storage in large 
reservoirs, and of the exposure to air in a long conduit run- 
ning but partially full, will be to in part or wholly decompose 
the organic impurities, and destroy the color. 

In July and August the Sudbury water was entering Lake 
Cochitnate at the rate of from twenty to thirty millions of 
gallons per day, and in addition a large supply was received 
from the streams naturally tributary to the Lake, which pos- 
sessed an equal color with that of the Sudbury water ; yet 
when these waters reached the pipes for distribution, no color 
was noticeable, and the slightly bitter taste, which they orig- 
inally had, was lost. 

The gradual extinction of the organic matter is shown by 
an examination of the following table, which gives the re- 
sults of analyses of three samples of water taken ; the first 
from the Sudbury at the new dam ; the second from the 
southern division of the Lake, where the supply from the Sud- 
bury and from Beaver Dam brook (the most important trib- 
utary to the Lake) entered, and the third fro ii the northern 
division, near the mouth of the conduit. 



By whom 
analyzed. 


/Specimen A. 


/Specimen M. 


/Specimen 0. 


Impurities in grains per 
gallon. 


Impurities in grain* per 
gallon. 


Impurities in grains per 
gallon. 




Mineral 


Organic 


Total. 


Mineral 


Organic 


Total. 


Mineral 


Organic 


Total. 


Dr. Hayes 

Prof. 
Chandler 


1.64 
2.93 


4.08 
2.03 


5.72 

4.96 


1.68 
2.45 


2.40 
1.40 


4.08 
8.85 


1.65 

1.87 


1.71 
0.81 


3.36 

2.68 



The remarks of Dr. Hayes upon specimen A have already 

been given ; with reference to the other samples he says : — 

" Specimen B is also tinted brownish yellow, and has the 



Digitized by VjOOQIC 



Engineer's Report. 33 

characters of specimen A, but in a lesser degree. This 
water is as pure as that supplied to several cities in New 
England." 

" Specimen C is almost colorless and tasteless. It is a very 
pure water for drinking and all household purposes. Al- 
though the proportion of vegetable matter present is larger 
than could be desired, it is not of an objectionable kind." 

Sudbury river water, stored in Farm pond, after its connec- 
tion with the river was shut off in the fall, and also when kept 
in bottles loosely corked, was found to grow lighter in color 
from day to day, although it still maintained its deep tinge in 
the river itself. 

Messrs. Merrick and Gray (analytical chemists) made an 
analysis of a satnple taken in December last, when the river 
still had a decided tinge not usual to it, and found 3.23 
grains of impurities of all kinds, to each U. S. gallon, of 
which 1.34 grains were organic matter. 

These amounts are somewhat less than were fonnd by Dr. 
Hayes, in his analysis of specimen C, taken*^rom Lake 
Cochituate during last summer, and they would, beyond 
doubt, be greatly reduced by storage of the water and long 
exposure to the air. 

The Cochituate water was received in the city in a clear 
and perfectly acceptable state, and was pronounced by Dr. 
Hayes as very pure for drinking and all household purposes. 

From a sanitary point of view, the harmless nature of vege- 
table matter in water, unless in large quantities, is generally 
conceded. The testimony of chemists before the commission, 
already quoted, was unanimous on this point. 

Its great objection is the slightly bitter taste it sometimes 
imparts, and the brownish color it produces, a color which 
renders the use of the water for domestic purposes disagree- 
able. 

Fromthe facts before us the conclusions may be drawn, 
first, that usually the water of the Sudbury River is clear and 
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pure, and well suited for a domestic supply; second, that 
although subject, like all rivers, to temporary impurity of a 
vegetable origin, that impurity may be reduced to a harmless 
and inappreciable quantity by exposure to the air in storage 
basins and the conduit. 

SCHEME OF WORKS. 

The scheme of works for collecting, storing, and convey- 
ing f.he water to the distributing pipes, is simple in its gen- 
eral outlines. 

It consists of a number of storage reservoirs, built upon 
the stream itself, a conduit for diverting the water into Farm 
pond, and a second conduit, sixteen and a half miles in 
length, to convey the water from Farm pond to Chestnut 
Hill Reservoir, with provisions for connecting it directly with 
the outlet chamber when the reservoir maybe emptied either 
for repairs or for cleaning. i 

' The general arrangement is shown upon plate II. 

STORAGE RESERVOIRS. 

To secure the estimated supply of forty million gallons per 
day, seven new storage reservoirs or basins are required, as 
has been before demonstrated. It will be many years before 
such a supply is needed. For a while the Sudbury water will 
be used for short periods in each year only, to tide over the 
times when there is a deficiency or some temporary impurity 
in the Cochituate supply. 

It is proposed to t)uild now the three lower basins, marked 
I., II. and III., on the plan, and leave the others to be con- 
structed as they shall be wanted. These three basins have, 
in connection with Farm pond, a storage capacity of 273,- 
000,000 cubic feet, and are adequate for a daily supply of 
about twenty million gallons. So large a capacity is not 
needed at first, but the position of the reservoirs is such as 



Digitized by LjOOQIC 



Engineer's Report. 35 

to require that they all be constructed at one time, and more- 
over they are necessary for the proper purification of the 
water, no matter how small may be the supply used. 

The Whitehall Reservoir is already built, and would require 
but a small expenditure for work to plkce it in a serviceable 
condition. Whether the city should now take possession of 
it, or wait till its use becomes indispensable, is a question 
that involves a variety of points, some of which do not come 
within the engineer's province to decide. 

On account of the value of the land flowed and other p^^^- 
vate interests destroyed, the character and magnitude of tJ^ 
dams required, and the cost of raising and protecting town- 
roads and railroads, the cost of basins Nos. I., II. and III. 
will be comparatively large. Basin No. II. flows out two 
mill-privileges of considerable value. No. III. includes with- 
in its boundary an extensive swamp, now covered with a 
heavy growth of wood, and they all flow large tracts of 
meadow-rland supporting a rich vegetation which it is desir- 
able to have removed by grubbing and excavation, as it will 
otherwise have to be gotten rid of by gradual decomposition. 
The cost of this class of work will, however, be so great as to 
limit its application to small areas where the most benefit 
will be produced, such as that in the upper part of basin No. 
n. The vegetable matter upon other tracts must await the 
slower processes of chemical change, in undergoing which it 
will be apt at first (especially in the summer months) , to de- 
teriorate the water. 

This actien will in part or wholly cease, after a while, and 
the basins will slowly assume the character of natural ponds 
and lakes. As it is desirable that such conditions shall pre- 
vail before the city is largely dependent upon the Sudbury 
water for its supply, it is important that the construction of 
the basins be commenced at an early day. It will probably 
require three seasons, at the best, to put them in readiness 
for use. 
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The nature of the substrnta where the dams are located 
could not be ascertained without incurring a greater expense 
than would be warranted for the end sought in a merely pre- 
liminary plan of works ; hence the foundations for the dams 
and the methods of intercepting the underground flow of 
water shown on the plans are to be regarded as simply a basis 
for estimates of jcost. ♦ 

In the design for dam No. I., or the lower dam, provi- 
siqns have been made for joining it with Farm pond by a 
covered conduit, but it is not proposed to build the conduit 
ttjf a number of years. The temporary wooden dam erected 
last summer below the pond outlet, will serve to divert the 
water from the river until the flow becomes large. 

Owing to local causes, the water in one reservoir some- 
times becomes impure, while that in another, apparently sim- 
ilarly situated and conditioned, remains good ; also in the 
same reservoir the water at the surface will become unfit for 
use, while that at the bottom remains in its normal state, or 
conversely. When this happens, it is desirable to be able to 
draw from a high or low level of each reservoir independently 
of the others. 

Dams Nos. II. and III. are to be connected directly with 
the gate chamber of Dam No. I., by means of wooden pipes 
laid on the bottom of Basin No. I. ; water may be let into 
these pipes from the upper basins through gates located t6 
draw from any desired level, and conveyed directly to the 
conduit without intermixture with other waters. 

FARM POND. 

The water level of Farm pond may be varied fro^n eleva- 
tion 146.75 to 149.25, or two and a half feet, without doing 
damage to property in South Framingham, and it is proposed 
to use the pond to this extent, as a storage basin. It will 
also servo a valuable purpose in the purification of the water. 
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Very little expense will be needed to pnt it in good condition. 
Some work will be required on the shore lines, and it may be 
thought advisable to purchase portions of the marginal land. 

CONDUIT. 

A number of trial lines have been surveyed to ascertain 
the best route for the conduit. They are •all shown upon 
Plate II. The one selected, commencing at Farm pond, bends 
somewhat to the south, and in a run of six miles reaches 
South Natick, a village lying nearly due east from the pond. 
In this distance it crosses two important tributaries to Lake 
Cochituate, at one of which, provisions will be made for dis- 
charging the Sudbury water into the lake at such times as 
circumstances may require. At a distance of three miles 
from the pond theSherborn swamp is crossed, the surface 
of which is a little above the grade line or bottom of the 
conduit. Some expense will be required here in preparing 
the foundations. Immediately after leaving the swamp the 
conduit will pass through a ridge into another valley, by means 
of a tunnel about 1,700 feet long, and will enter the village 
of South Natick through a second tunnel under Badger Hill, 
also about 1,700 feet long. From South Natick the line 
takers a generally northeast direction to Chestnut-Hill reser- 
voir. At a dist^ance of seven and a quarter miles from Farm 
pond it passes along the bank of the Charles river at 
an elevation of about forty feet above the water surface. 
Should the consumption of the city ever increase beyond the 
supply to be derived from the present sources, the increase 
can be readily provided . for by pumping from the Charles 
at this point, below which much of the objectionable impurity 
found at Newton Lower Falls is received from manufactories 
and meadow-drainage. The area of the contributing water- 
shed is 150 square miles, or considerably more than that of 
the combined water sheds of the Sudbury and the lake. A 
waste-weir for drawing off the conduit will be located here. 
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A few hundred feet further on, the valley of the Waban 
pond outlet is crossed, the conduit being taken over on arches, 
as shown on the plan. Part of the arcade will be of brick 
and stone masonry, and will have a height of about forty feet 
and a length of some five hundred ; the remaining portion 
will be built of concrete, and will be covered by an embank- 
ment. The total length of the crossing is about fourteen 
hundred feet. 

From here to the valley of Rosemary brook, distant from 
Farm Pond ten and three-quarter miles> the line runs through 
ground generally favorable for the construction of the con- 
duit. Several brooks are crossed, requiring culverts of from 
two to six feet in width. 

The Rosemary brook valley is 1,700 feet wide, and the 
surface of the brook is fifty-five feet below the grade line of 
the conduit. A siphon, consisting of three lines of forty- 
eight inch pipe will be used at this point, though it is not 
proposed to put down but one line at present. At a distance 
of eleven and eight-tenths miles from Farm pond the Charles 
river valley is reached, and is there 6,000 feet wide. As at 
Rosemary brook valley, the crossing is made by three lines of 
forty-eight inch siphon pipes, only one of which need be laid 
at present. A stone-arch bridge, of considerable magnitude, 
will carry the pipes across the river itself. 

From Charles river the conduit will run through Newton 
Highlands and Newton Centre, to a point on Beacon street, 
at the base of the hill lying immediately west of the reservoir. 
It will be carried under this hill in a tunnel 4,700 ieet long, 
and passing along the south side of the Lawrence basin, will 
enter the Bradlee basin of the reservoir at the south end of 
the division embankment. 

The above-described line is shown on Plate II., with a 
profile of the ground over which it runs. A more thorough 
study of the ground, which will of necessity be made before 
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construction commences, will result, beyond doubt, in many 
minor changes in the location. 

The best point and method for crossing Charles river is 
still a matter of doubt. On the more southerly line the 
crossing may be made without a siphon, and nearly five feet 
of fall or head saved ; but the cost is considerably more than 
by the line selected. The saving in head is of no great value 
at present; but in the future, when the demands of the high 
service shall Require a large supply, it may become of great 
value in diminishing the height to which the water must be 
raised. 

In the length of sixteen and a half miles there are : — 
8,100 lineal feet of tunnels. 
7,900 *« '« «« siphons. 
1,400 " '' " conduit, supported on arches. 

The rate of fall in the masonry part is one foot in five 
thousand, or twelve and two-thirds inches per mile; the fall 
given to the siphons is at the rate of one foot in one thousand, 
or sixty-three and one-third inches per mile. ^ 

For purposes of comparison the following data in regard 
to the Loch Katrine works, designed to furnish a supply of 
sixty millions U. S. gallons to the city of Glasgow, are 
given : — 

Total length of conduit, 25| miles. 

«* <« *' tunnels, 13 " 

«* " *' siphons, 3| " 

Fall of masonry conduit, 10 inches in one mile. 



siphon pipes, 60 



(( 



"There are in the whole work eighty distinct tunnels. 
Not to speak of smaller constructions, there are twenty-five 
important iron and masonry aqueducts over rivers and ravines, 
some sixty and eighty feet in height, and arches of thirty 
feet, fifty feet, and ninety feet in span." 
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It would on many accounts be desirable to so locate the 
new conduit that water may be drawn through it from the 
lake, but there is a serious difficulty in the way, due to the 
low rate of fall that can be obtained between the lake and 
Chestnut Hill reservoir. 

To preserve the present storage capacity of the lake, a fall 
of less than two inches per mile can be allowed, after deduct- 
ing the necessary fall for the siphon at Charles Eiver. So 
small a rate of fall would necessitate a conduit of fully 
twelve feet in diameter, to equal in flowing capacity one of 
eight and a half feet with a grade of twelve and two-thirds 
inches per mile. 

By reducing considerably the storage capacity of the lake, 
a fall of three inches per mile can be secured; but even this 
would require a conduit of eleven and one-seventh feet 
diameter to equal one of eight and a half feet located as 
above described. 

The extra cost of either of the two large conduits above 
the small one, would be a large sum, and beyond this, their 
location must of necessity be unfavorable. 

The elevation of low water in Farm pond is 146| feet ; 
that of low water in Lake Cochituate, taken at four feet above 
the bottom of the conduit, is 125 feet above tide-marsh level, 
or only about one foot greater than the high- water level in 
Chestnut Hill reservoir. 

SECTION OF CONDUIT. 

The section adopted for the conduit is shown on the oppo- 
site plate ; it is equivalent to a circular section of eight and a 
half feet diameter, and in ordinary conditions of cleanliness, — 
that is, with some sand deposits on the bottom and with con- 
siderable vegetable growth at its upper end, such as is found 
to soon take root in the Cochituate conduit, — will deliver at 
the rate of about seventy million gallons in twenty-four 
hours. 
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Such a capacity will enable the supply to be kept up when 
the old conduit is thrown out of use for any reason, or when 
the water is required to be delivered directly to the dis- 
tributing pipes without the intervention of the reservoir, 
which will at times be drawn down for cleaning or repairs. 
It will also admit of the future extension of the works, by 
turning the Assabet river into the Sudbury, or by pumping 
from the Charles. 

The section is of stronger form than is usually giten. It 
is designed to have sufficient stability to resist the lateral 
thrust of the contained water and of the arch. 

The arch and interior lining, including the inverted arch at 
the bottom, are to be of brick, and the side walls of rubble 
stone masonry. 

Designs for the gate-house at Farm pond to control the 
flow in the conduit, and for the waste weirs, culverts and si- 
phon chambers, are shown on the accompanying plans. 
They will need no description. 



WORKS AT THE RESERVOIR. 

At Chestnut Hill reservoir no provision has been made to 
keep up the supply to the city when the water may be drawn 
off for cleaning or repairs. Until the consumption shall be 
somewhat greater than it is now, the supply could be deliv- 
ered through the Brookline reservoir. There are, leading 
from the latter to the city, three distributing mains, one thir- 
ty inch, one thirty-six inch, and one forty inch, and it is not 
probable that another will ever be laid. These should be 
equal to a supply of about 20,000,000 gallons per day, but 
during the morning hours, when the consumption is at the 
maximum for the day, the pressure in some parts of the city 
would be inconveniently diminished, if so large a delivery 
were demanded of them. Even with the present consump- 
tion of only fourteen or fifteen million gallons, it is felt that 
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a new main must soon be laid from Chestnut Hill reservoir, 
to keep up the head desired in all parts of the city. It is 
probable that the older mains are badly tuberculated, and 
therefore fail to deliver the quantity that calculation would 
show they ought. 

Something would be gained by connecting the Brookline 
mains with those that are to be laid from Chestnut Hill, but 
notwithstanding whatever may be done in that direction, it 
will uot*be considered safe to draw off the Chestnut Hill res- 
ervoir after the consumption shall have reached 20,000,000 
gallons per day ; in feet, the portion of the old conduit be- 
tween the two reservoirs cannot be made to supply a much 
greater quantity than this. 

On one of the plans is shown the inlet chamber designed for 
the Bradlee basin. It is to be located where the new conduit 
will intersect the old one leading to Brookline. It is so de- 
signed that the water in the old conduit shall pass under the 
chamber in an inverted siphon, and that the water in the new 
conduit can be turned either into the Bradlee basin, the old 
conduit, or a pipe leading across the Bradlee basin and con- 
necting directly with the inlet chambers of the Chestnut Hill 
distributing mains, thus permitting the supply to be kept up 
when the basin is empty. 

The cost of the alterations required at the inlet chambers, 
and of the pipe, are included in the estimate hereafter given. 

A design for an inlet chamber for the Lawrence basin is 
shown on the plans. 

NECESSITY OF SOON BEGINNING CONSTRUCTION. 

One reason why construction should be begun at an early 
day has already been given, namely, to give time for the 
storage basins to decompose the vegetable matter that will be 
overflowed, and produce for themselves conditions similar to 
those of a natural lake, before there is a large demand upon 
the Sudbury, as an aid to the supply. 
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There are two others of a more pressing nature, based upon 
the very material increase of coasumptioii that will probihly 
take place in the next few years. 

First, the work to be done at the Chestnut Hill reservoir, 
in the building of the inlet chambers and the laying of the 
connecting pipe, requires this reservoir to be emptied for a 
considerable time, during which the supply must be main- 
tained entirely from the Brookline reservoir. This cannot be 
done after the consumption shall have increased much above 
its present amount. 

Second, although by keeping in repair the works that were 
built last summer to connect the Sudbury with the Lake, a 
sufficient supply to the latter can be kept up, a much lar;5er 
supply to the city than is now used cannot be safely conveyed 
to the distributing reservoirs by the existing conduit. 

This conduit was designed to be used as a covered canal, 
that is, to be only partially filled ; and although in many 
places badly distorted and cracked either by settlements of 
the foundation or by lateral yielding of the earth back-filling, 
it undoubtedly could have been and still may be used in this 
manner without great danger of serious accident. 

Its interior height is six feet four inches, but its maximum 
flow, except when under a head, is given with a depth of five 
feet eleven inches of water. In the past three years the depth 
of flow has equalled or exceeded five feet eleven inches for 
three hundred and ten days, distributed as follows : in 1870, 
one hundred and sixty-one days ; in 1871, fifty-seven days ; 
and in 1872, ninetj'^-two days. The following table will show 
the number of days in each month during the three years that 
the depth of flow was above six feet four inches, or the num- 
ber of days the conduit was used under a head. 
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. 18T0 » . 18T1 1 . is-ra 1 

Ft. Int. July Aug. Sept. Feb. April May June Jan. Feb. Maxell 

6~.6 4 6 4 1 .. .. 

6 — 7 1 n 

6 — 8 1 .. ..2 

6 — 8J 1 

6 — 9 1 

6 — 10 1 .. ..1 

6 — 11 11 

r — 2 .. 1 24 13 

•Oi 1 

r — 1 1 

r-i* 1 

r — 2 11 

'-2J 1 

f — 3 1 

r — 3j 11 

r — 4 1 20 .. .. 

8-0 2 

8 — 4 1 



It will be seen that even with the present consumption it is 
found necessary to use the conduit as a pipe under pressure, 
about one-eighth of the time. When thus used the water 
exerts a powerful side pressure, which tends to open the 
cracks, and although these have been cemented up from year 
to year, and great precautions have been taken to stop leaks, 
undoubtedly a considerable leakage still takes place. 

The existing condition of the conduit is naturally a source 
of great anxiety to those having it in charge. The danger is 
that the leakage may become so great, or be so long continued 
at some point on an embankment (where the worst cracks 
are found) , as to slowly settle or carry away the earth under 
and around it, and allow it to sink. The sinking would en- 
large the cracks, perhaps cause others, and the flow through 
them would likely be sufficiently great to suddenly wash 
away the supporting earth, and, before the danger was discov- 
ered, completely^ disrupt the conduit. In such a case its 
whole flow would be turned upon the embankment, and the 
disaster become of a very serious nature. Any accident of 
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this kind, even if it should not deprive the city of its supply, 
would allow the reservoirs to be drawn* to a very low level, 
and in consequence seriously diminish the pressure through- 
out the city. The reservoirs once drawn down would re- 
quire a longtime to fill again, owing to the limited capacity of 
the conduit, which, as before shown, is barely able to meet 
the daily supply. 

As showing the effect produced by the pressure of a great 
depth of water in a conduit, I quote from a report of Mr. 
Croes, formerly Principal Assistant Engineer of the Wash- 
ington Aqueduct, made in 1864, and having reference to*the 
danger of using that aqueduct or conduit under a head : — 

" Experience goes to show that a masonry conduit like this 
one " (the Washington) ^ cannot be safely trusted to bear 
such pressure. On the Croton aqueduct, which is as well 
constructed as any in the country, and has stood for twenty 
years, it has been considered dangerous for several years to 
put a head of water on the crown of the arch. Whenever it 
is done, leaks break out in fresh places. 

'' The danger arises, not from the upward pressure tending 
to lift the arch, but from the lateral pressure, which tends to 
split the conduit longitudinally, opening cracks at top and 
bottom. ... 

''The masonry (of the Washington aqueduct, a circle nine 
feet in diameter, with twelve inches of brickwork all around), 
not being sufficient to withstand the thrust of the water with- 
out support from the bank, any shrinkage relieving the pres- 
sure of the earth will cause the ring to open at top and bottom 
when full of water. This has already occurred in some 
instances." 

It will require, at best, three seasons, and more probably 
four, to build the new works. By the time they are com- 
pleted, the consumption in the city will have very materially 
increased, and from two causes; first, by the removal of 
restrictions upon the use of water ; second, by the natural 
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increase in the number of water-takers, and in the use for 
trade and manufacturing purposes. While all effective 
measures to prevent waste should be applied, it is evidently 
for the interest of all that restrictions upon the legitimate use 
of water should be removed as soon as a sufficient supply can 
be provided. The use of hand-hose and the playing of foun- 
tains, under proper regulations, should be encouraged rather 
than prohibited, not only for the comfort and pleasure of the 
people, but also as conducing to their sanitary welfare. 

For the past two years the consumption has been kept at 
its lowest limits by the enforcement of rigid measures, there- 
fore, from this time, even with a continuance of those meas- 
ures. It must increase in about the same ratio as the number 
of water-takers increases. If this ratio prove to be seven per 
cent, per year, as for the past two years (in 1870 it was 
fourteen per cent.), or twenty-two per cent, in three years, 
it will tax the Cochituate conduit to its utmost capacity to 
maintain the supply till the new conduit can be made ready 
for use, even if the work of construction be at once begun. 
The increase in consumption during 1872 has been eight per 
cent. 

ESTIMATE. 

The estimated cost of works as now designed, excluding 
interest upon money during construction, and water damages 
(for reckoning the value of which there seems to be no well- 
determined basis) , is as follows : — 

Three storage basins, dams, etc., . . $495,000 00 

Wooden pipes connecting dams, . . 70,200 00 

Work at Farm pond, .... 8,500 00 
Conduit, incRjding gate-chambers, waste- 
weirs, culverts, siphons with one line of 

48-inch pipes, inlet chambers, tunnels, etc., 3,497,300 00 
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Pipe in Bradlee basic to connect the conduit 

with reservoir outlet chamber, . . 72,318 00 

Land damages, including mill property 

tak^n, . . . . . • •. 375,000 00 

Superintendence, 270,000 00 

Total, $4,788,318 00 

In the quantities upon which the above estimate is based, 
and the prices applied to them, liberal allowances for contin- 
gencies have been made, and it is believed that the total of 
the estimate will fully cover the cost of the works, excepting 
only the two items mentioned. It is, moreover, probable that 
before and during construction changes will Ite made in 
designs, or location, or materials to be used that may effect 
a considerable saving. 

A possible change in the materials for masonry is even 
now apparent. It consists in the use of b^ton agglom^r^, so 
called, in place of bricks, and, at some points, in place of 
stone. This material is a mixture of hydraulic cement (or 
cement and lime) and sand, to which, in some instances, 
broken stone or gravel is added. These ingredients are 
used in ordinary concrete, but the manner in which they are 
manipulated in the making of b^ton agglom^r^ produces an 
artificial stone of great strength, and, as far as now known, 
of great durability. It has been used in works of magnitude 
in Europe ; one of the most important is a section, thirty- 
seven miles in length, of the Vanne aqueduct for supplying 
water to the city of Paris. 

The aqueduct or conduit is itself composed of b^ton ag- 
glom^r^, and is carried across valleys and streams on two and 
a half to three miles of arches, some of them fifty feet in 
height, and on some eight or ten bridges of large span (sev- 
enty-five to one hundred and twenty-five feet), built of the 
same material. Each structure is without joints, as if carved 
from one huge stone. 
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The above facts are obtained from General Gilmore's re- 
port. He states that *'over thirty-one miles of the Paris 
sewers have been laid in this material ; " and that it has been 
successfully used in the construction of houses, churches , 
light-houses, jetties, etc. 

It has also been used in the construction of a bridge on the 
Brooklyn Park, and even the delicate mouldings with which 
such structures are ornamented have withstood perfectly the 
action of frost during the past winter. 

General Gilmore says: "Pieces of statuary and other 
specimens, ornamented with delicate tracery, have been ex- 
posed for five consecutive winters to the weather, in New York 
city, without undergoing the slightest perceptible change." 

I am not able, at this time, to give an estimate of its cost 
in the work for which it would here be used, nor in fact do I 
feel warranted in recommending its use, until further infor- 
mation is obtained. 

If it can be safely substituted for bricks and stone in the 
conduit section, and in the supporting arches at the Waban 
valley crossing, it will probably effect a saving of several 
hundred thousand dollars, will expedite the operation of con- 
struction, and will lessen the interference with the rebuilding 
of the " burnt district," as it admits of the use of materials, 
and in part, of a class of skilled labor, not needed in that work. 

In regard to water damages, it should be stated that they 
will amount to a large sum. The total fall, from the point 
where the water is to be diverted from the Sudbury, to tide 
level, is one hundred and forty-five feet; and something 
above three-fourths of this fall is now made available for 
power to drive, machinery. 

The surveys of conduit lines have been made by Mr. F. 
C. Tucker and party, of storage-basins by Mr. Geo. S. Rice 
and party, and the estimates of quantities, and the drawings 
herewith submitted, by Messrs. Rice, R. H. Soule, F. P. 
Stearns, and G. H. Crafts. 

Respectfully submitted, JOS. P. DAVIS. 
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The following report upon the various sources that are 
available to Boston for a supply of water is substantially that 
which was verbally made to the Water Board on Feb. 13th, 

1872. 



THE PROBABLE GROWTH AND FUTURE WANTS OF THE CITY. 

The population of Boston in 1870 was a littleJLn excess of 
250,000, and it is increasing in a rapid ratio. The following 
table will show what has been the decennial rate of increase 
since 1800, and will give a basis from which may be estimated . 
the future growth : — 
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The decennial rates of increase of population, of the entire 
territory now inchided within the limits of Boston and of 
West Eoxbury (sot off from Roxbury in 1851), are: — 



34^^ per cent. 

38^ - 
51^ " 
52 

34^ - 

18^ - 



From 1800 to 1810, 
*** 1810'* 1820, 
" 1820 ** 1830, 
«• 1830 •• 1840, 
•* 1840 *« 1850, 
*« 1850 ** 1860, 
•• 1860 " 1870, 
giving an average of 36J per cent. 

It will be noticed that the above are also about the rates of 
increase for a district including Boston, and the various cities 
and towns that form its suburbs. 

The effect of the war in retarding the growth is notice- 
able in the percentage given for the last decade ; as this rate 
is due to exceptional causes, it may be omitted informing an 
estimate for the future. 

The most rapid increase was from 1830 to 1850; since 
then the rate has fallen off, and probably will never again 
reach so high figures. 

The following table shows the decennial rates for several 
large cities in this and other countries, and will aid in fixing 
upon the future rates for Boston : — 
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The rate of increase in Boston from 1850 to 1860 was 
34.2 per cent. ; the average decennial increase since 1800 
has been 36.5 per cent. The rates in New York, Philadel- 
phia, Liverpool and Berlin, after reaching a population of 
250,000, have been 48.2, 38.6, 24.6 and 28.1 per cent., re- 
spectively, while the rate for London since 1800 has been 
remarkably uniform at about 20 per cent. 

The following decennial rates for the growth of this city 
during the next fifty years' will not appear overestimated 
when compared with the above : 1870 to 1900, 30 per cent. ; 
1900 to 1920, 25 per cent. ; average, 28 per cent. 

These rates are exclusive of any increase from annexation ; 
they will give for the territory already belonging to Boston, 
a population 



in 1880 . 






325,684 


" 1890 . 






423,389 


" 1900 . 






650,406 


" 1910 






688,007 


" 1920 






860,009 



It is more than probable that a large increase will take 
place through annexation, and any town that may be added 
oji the west can readily be supplied with water from Chest- 
nut Hill reservoir, either by pumping or otherwise. 

It seems proper, then, to take into consideration in this 
question the towns of West Roxbury, Brookliue, Newton, 
Brighton and Hyde Park, all of which, as well as Boston, 
are situated upon an island formed by the harbor and the 
Charles and Neponset rivers and their connecting stream. 
Mother brook. 

The territory covered by Boston and the above towns is 
topographically one district, and hardly admits of subdi- 
vision when considered with reference to water supply and 
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The population of the entire district was in 1870, 287,787, 
and the rates of future increase before assumed applied to it, 
will show a growth of 700,132 in fifty years, and a total 
population in 1920 of 987,919, or 1,000,000 of souls. 

One million of people will form a large city, but when it 
is considered that Boston is the metropolis of New England, 
with its extensive territory and increasing manufacturing 
population ; that it is the radiating point for the whole system 
of New England railroads ; that it possesses a fine harbor, 
with which no other on the New England coast can compare in 
facilities for commerce, and that it is likely to become the port 
of at least a portion of the north-west, it does not appear unrea- 
sonable to suppose that it may grow to such a size within the 
estimated time. 

In looking then for a new source of supply the wants of 
at least one million of people should be kept in view, and in 
fixing upon tfie capacity of the works, those parts which can- 
not be enlarged or readily duplicated should be proportioned 
for an even greater number. 

The average daily consumption per inhabitant has varied 
during the past few years between wide limits, having been 
ninety to one hundred gallons as a maximum, and somewhat 
less than sixty as a minimum. 

As the new area to iJe provided for will undoubtedly con- 
tain a less proportion of manufacturing and shipping inter- 
ests than that now supplied, and as there will probably be 
means devised at no distant day to check the great waste 
that has heretofore taken place, an allowance of sixty gallons 
for each person should, and without much doubt, will be 
ample. 

This allowance requires a total supply of sixtynnillion gal- 
lons daily, of which fully twelve million will be furnished 
from Lake Cochituate and about forty-eight million must be 
obtained from new sources. 
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SOURCES OF SUPPLT. 

Among the sources reported upon there are some of very 
limited capacity ; but they have been examined because they 
were strongly advocated by persons feeling an interest in the 
question of an increase of sujiply, and because possibly they 
might be made available for temporary relief at a moderate 
cost, and defer for a number of years the larger expendi- 
tures required for an adequate supply. 

A reference to Plate I. will show the position of the va- 
rious sources examined, and the extent of their drainage 
areas. 

In none of the estimates of cost hereafter given has the 
water damage been taken into account. 

SUDBURY RIVER. 

The drainage area of the Sudbury above the outlet of 
Farm pond is about seventy-three square miles, and it is es- 
timated that with the storage facilities it presents, a daily 
supply of at least forty millions of gallons may be obtained 
from' it. 

The estimate of cost of the complete works required to 
secure this supply and convey it to the Chestnut Hill reser- 
voir is $5,150,000. 

To aid in comparing the relative values of the several 
sources, it will be convenient to know the cost of delivering, 
at the distributing-pipes, each million of gallons. The cost, 
as hereinafter given for each source, comprises the interest 
at six per cent, upon first cost of works, and cost of pump- 
ing and speoial operating expenses, but does not include the 
cost of ordinary superintendence, that being relatively *the 
same, or nearly so, for all sources. 

The Sudbury water can be delivered to the reservoir by 
gravitation, and no special operating expenses are required. 
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Interest upon $5,150,000, at 6 per cent., $309,000 00 
Cost of delivering 14,600,000,000 gallons, $309,000 00 
Cost of delivering 1,000,000 gallons, $21 17 

The advantages of this source are ; first, it will supply a 
water free from all dangerous impurities, and liable only to 
such temporary impurity of vegetable origin as is foupd at 
times in the waters of all rivers flowing through farm lands ; 
secoud, it has just sufficient elevation to furnish its supply 
by gravitation ; third, the cost per million of gallons de- 
livered from it is low. 

The objections are, the somewhat limited supply it will 
yield, and the value of the mill interests affected. The first 
will be considered an objection of some importance, provided 
it is assumed the city will ever grow beyond a population 
of nine hundred thousand or one million of people. In. such 
case, the remedy would be, either to turn the Assabet River 
into the Sudbury, or to pump from the Charles into the Sud- 
bury River conduit at South Natick. 

The second is an objection that exists, in a greater or less 
degree, for all desirable sources. The higher the source from 
which the water is taken, the greater, as a rule, the injury 
done ; but if it be taken from low sources, near the mouths 
of rivers, it will, as. an offset to water-damages, require to 
be pumped, and also, in most instances, be liable to serious 
poUutioft from the sewage of an increasing population, and 
from numerous manufactories. 

CHARLES RIVER. 

The best point for taking water from the Charles River for 
the supply of Boston, is between Newton Lower and Upper 
Falb. The contributing drainage-area is about two hundred* 
square miles, and would, with a yearly collection of twelve 
inches of rain, yield a daily supply of one hundred and 
fourteen million gallons. At a distance of fiVe miles above 
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Upper iFalls, a connection with the Neponset River is made 
through Mother brook ;. and this brook, it has been decided, 
is entitled to one-third of the flow of the Charles. 

Notwithstanding this fact, it is evident, that with suflScient 
storage-capacity, a daily supply of fifty millions, and even 
more, may be obfciined. 

Various analyses of the water have been made, that show 
it to be soft and pure ; it is, however, from the character of- 
the country which it traverses, more liable than the Sudbury 
water to become colored. 

In a report made in 1834, by Mr. Baldwin, it is said it 
is unfit for use in the manufacture of the finer qualities of 
paper, on account of its dark tinge ; also, that in the process 
of bleaching, it gives a reddish tinge. 

During even the winter months of last year (1871-1872), 
it had a deep color, and I was told, that white paper could 
not be made with it ; it was not used for the last washings 
in the bleachery at Waltham, until it had undergone the fil- 
tering process . 

Storage, and exposure to the air, would in part, perhaps 
wholly, remedy the defeat ; but it is probable, that in the 
case of this water, filtration would be required to give it the 
clearness desired in a domestic supply. 

The elevation of the surface of the river is fifty-five feet, 
and that of Chestnut Hill reservoir one hundred and twenty- 
four feet ; therefore, allowing for the necessary fall for a cbn- 
duit from the river-bluff* to the reservoir, the water must be 
raised seventy-three feet. 

The scheme of works proposed is : storage-reservoirs in 
the river-valley, engines at the lower dam, force-mains to 
conduct the water to a small receiving-basin or chamber on 
the river-bluff*, and a conduit from the basin to Chestnut Hill 
reservoir. 

The estimate of cost of the works, with a capacity to de- 
liver 50,000,000 gallons daily, is $3,150,000. 
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The cost of delivering each million of gallons would be : — 
Interest at six per cent upon $3,150,000 . $189,000 00 
Yearly cost of pumping , . . . 110,000 00 

Cost of delivering 18,250,000,000 gallons, $299,000 00 

Cost of delivering 1,000,000 gallons . • $16 38 

If the water requires filtration, the cost of delivery would 
be increased to about $30 per one million of gallons. 

The advantages connected with this source are, an ample 
supply for the present, with power for largely increasing it in 
the future ; conditions for obtaining the supply needed at 
first, without a large expenditure for structures of a capacity 
designed for future wants - (only the conduit 4J miles in 
length need be built with the ultimate capacity), and near- 
ness to the city, whereby the cost of superintendence and 
maintenance is somewhat reduced. 

Its chief objections are, the value of the mill-property 
affected, and the probability of filtration Jjeing required. 

ASSABET RIVER. 

The Assabet is evidently inferior to the Sudbury as a 
source of supply to this city. It has no advantage in purity 
of water, nor in less damage done to mill property in divert- 
ing its flow, while the cost of works for delivering its water 
would, on account of greater distance, be considerably larger. 

If needed, a portion of it, having a water-shed of about 
eighty-four square miles, can be connected with the Sudbury. 
. No estimate of cost of works has been made for this 
source. 

LAKE QUINSIGAMOND AND NASHUA RIVER. 

Lake Quinsigamond and that part of its outlet brook which 
lies above the dam at New England Village, have a water- 
shed, exclusive of water surface, of about twenty-one square 
miles, and with the large storage capacity that can be made 
available, may be relied upon to furnish a minimum supply 
of 16,000,000 gallons daily. 
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The elevation of the water surface is about three hundred 
and fifty-five feet above tide level. The water is in all 
respects fit for domestic use ; judging from the character of 
the water-shed and from the appearance of the water in the 
lake it is fully equal in purity to that of Lake Cochituate. 

It is about thirty-four miles distant from Chestnut Hill 
reservoir, measuring along the line of the Boston and Albany 
Railroad and the proposed Sudbury river conduit. 

The estimated cost of works to convey the water to the 
reservoir, based upon a forty-inch iron conduit is, $4,750,000. 
Interest at 6 per cent, upon $4,750,000 . . . $285,000 . 
Cost of delivering 5,840,000,000 gallons . . 285,000 
Cost of delivering 1,000,000 gallons . . . 48.80 

On .account of the great elevation of the lake the damage 
to mill property would be large in amount. 

The Nashua river, which' can be turned into the lake, has 
been considered in connection with the latter as a source of 
supply. 

Their combined drainage areas would be about 110 square 
miles, and, with proper storage, would furnish a minimum 
daily supply of 65,000,000 gallons. 

In this scheme Quinsigamond would be used as a storage 
basin simply ; a quantity of water being allowed to waste 
at its outlet sufficient to compensate the mills below for all 
damage occasioned them. After deducting the compensation 
water there remains a daily supply of 50,000,000 gallons. 
The estimate for cost of works is . . .$9,290,000 
Interest at 6 per cent, upon $9,290,000 . . 557,400 
Cost of delivering 18,250,000,000 gallons . . 557,400 
Cost of delivering 1,000,000 gallons . . . 30.54 

The advantages of this source are abundance and purity of 
supply ; the objections are cost of works and the great dam-» 
age that a diversion of the water would cause to mill property 
on the Nashua and Merrimack rivers. . 
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merrimaok river. 

The drainage area above Lowell of the Merrimack river is 
between three thousand five hundred and four thousand 
square miles, and its minimum summer flow cannot fall short 
of one billion of gallons in twenty-four hours. 

It would, therefore, furnish* a supply to a population vastly 
gi-eater in numbers than we have estimated upon. 

The water has at various times been subjected to analysis, 
and has always been found remarkably free from chemically . 
combined impurities. 

An analysis made by Professor Appleton, for the city of 
Lowell, in 1869, of a sample taken from above the Pawtucket 
dam, gave in one U. S. gallon, — 

Organic and volatile matters . . • 1.01 grains 
Mineral matters 1.07 «« 

Total 2.08 «' 

After filtration, the result was 

Organic and volatile matters .... 0.72 grains. 
Mineral matters .^ . . . . 0.95 *' 

Total 1.67 '* 

It was found to have but half a degree of hardness, and the 
organic matter to be sanitarily of a harmless nature. 

Although there are several large towns and cities and many 
manufactories on the river above Lowell, the volume of water 
flowing down is so great that it is not liable to appreciable 
pollution of a chemical nature, but in certain seasons, espe- 
cially in the spring, when swollen by melted snow and heavy 
rains, it is very turbid, and the suspended matter does not 
readily subside, even when the water is at rest. 

The amount of matter held in suspension at such times 
is sufficient to render the water somewhat objectionable for 
domestic use, and entirely unfit for many manufacturing pro- 
cesses. 
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The following extract from the report of Mr. Burbank, 
made to the city of Lowell in 1869, will show the nature of 
the sediment and the difficulty of its removal : — 

" The experiments here described were made for the pur- 
pose of determining the amount and character of the sedi- 
ment contained in the water of the Merrimack, at a time when 
it contained nearly the maximum quantity of impurities in 
suspension. 

"The water for these experiments was taken from the river 
above the dam, April 29th, 1869, and glass tubes were filled 
with it to the depth of six feet. 

"A whitish sediment began to fall immediately, and in half 
an hour covered the bottom of thetubes. 

" During the first twelve hours this sediment accumulated 
rapidly, and the water became perceptibly clearer in the up- 
per part of the tubes. A considerable amount of matter re- 
mained suspended, however, and in forty-eight hours from 
the time the tubes were filled, the water was still quite turbid^ 
throughout. 

"After standing ten days, the heavier matter had subsided, 
but the water still retained a whitish, opalescent appearance, 
from the clay in suspension. It was then allowed to stand 
for twenty days longer, when the sediment appeared to be all 
deposited. . . . ...... 

" The sediment from three gallons measured (wet) -^^ of 
a cubic inch. About one-fourth of the bulk of this material 
was light flocculent matter, which at first occupied a much 
larger space. (The sediment from the three gallons weighed 
when dry 46.68 grains.)" 

It appears then, that in certain conditions of the water, at 
least thirty days of perfect quiet are required to allow the 
suspended matter to entirely deposit itself; it also appears 
that the amount of sediment from a daily supply of fifty mil- 
lions of gallons would be so large as to entail a considerable 
expense for its removal. , 
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If it be supposed that the turbid condition continues for 
sixty days in the year, and that the average quantity of mat- 
ter in suspension during that time is one-half only of that 
given by the above experiment, it will be found that the 
yearly deposit from a daily supply of fifty millions of gallons 
will amount to 3,430 cubic yards, and will weigh 1,490 toijs. 
. The cost of settling-basins of sufficient capacity to allow 
the water to remain undisturbed for thirty, or even ten days, 
is too great to admit of their use. Filtration would be the 
only practicable method of freeing the water from its mechan- 
ical impurities. 

Filters cost much more to operate than do settling-basins, 
but they very materially shorten the time required for the 
clearing process. 

The water should be taken from the river above the Paw- 
tucket dam in Lowell, before it has been deteriorated by the 
discharge from the factories. On account of the level of the 
laud between this point and Boston, the conduit will have to 
be so located as to require two pumping stations ; one at the 
Merrimack, to elevate the water to the conduit, the other at 
or near Charles river, to elevate the water to Chestnut Hill 
reservoir. 

The scheme of works upon which the estimate is^ based, 
is, then : a pumping station, settling-basins, and filters at or 
near Lowell; a conduit twenty-five miles long, leading to 
Charles river in Watertown ; a pumping-station at the 
Charles, and force-mains about two miles long leading to the 
reservoir. 

The supply being fifty million gallons per day, the esti- 
mated cost of the works, of a capacity to furnish it, is 
$13,065,000.00. The estimated cost of delivering each million 
' of gallons is : — 
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Interest at 6 per cent, upon $13,065,000, . $783,900 00 
Yearly cost of pumping and operating filters, 195,000 00 

Cost of delivering 18,250,000,000 gallons, $978,900 GO 

Cost of delivering 1,000,000 gallons, ... 58 64 

The estimated cost of works, with a portion of the filters, 
settling-basins, and pumping machinery omitted (that is, 
proportioned to meet the wants of the immediate future), is 
$10,440,000.00. 

It should be stated that filtration, on an extensive scale, 
has not yet been tried in this country, and although success- 
fully practised in England and on the continent, it is not 
unattended with difficulties and failures at times. In a clitnate 
like ours, with its severe winters and warm summers, the 
difficulties would be materially increased. 

MYSTIC LAKE. 

The water-shed of Mystic Lake has an area of thirty-one 
square miles, and with a collection of twelve inches of 
water in the year of minimum rainfall, would furnish a daily 
supply of seventeen and one half millions of gallons. 

Chemical analyses made in August of last year, by Dr. 
Hayes of Boston, and Prof. Chandler of New York, show 
the Mystic water to be of excellent quality for domestic use. 
Although the lake receives a drainage of very objectionable 
character and amount from a number of manufactories in 
its vicinity, there can be no doubt that its original purity may 
be maintained by a proper arrangement of works for inter- 
cepting and diverting the injurious matter. 

The city of Charlestown derives its supply from this source, 
and has extended its works for the supply of Somerville, 
Chelsea, Everett and East Boston. The population of these 
places (excluding East Boston) was, in 1870, 63,775. The 
average daily delivery of water has been for the past year 
(1871) at the rate of 5,113,930 gallons. 
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The same decennial rates of future increase that were 
adopted for Boston will give a population of 216,500 for 
these cities in 1920, requiring, at sixty gallons per head, a 
supply of 12,990,000 gallonsTdaily, or three-fourths of all 
that the lake is estimated to furnish, in seasons of drought. 

The town of Woburn is about to take a supply from the 
head waters of this source, and undoubtedly other towns 
within its drainage area will be granted the same privi- 
lege. 

It is evident that Boston could derive only a limited supply 
. Irom the Mystic, and even could she obtain the right to take 
it (which must be considered doubtful, unless through annex- 
ation), she would, beyond question, be granted it under re- 
strictions as to the quantity to be taken, and the method of 
taking it, that would at some future day render the privilege 
nearly valueless to her. . 

The surface of the lake having an elevation of but a few 
feet above high tide, the head needed for the distribution of 
the water can only be secured by pumping, and as the res- 
ervoir at Chestnut Hill would be practically out of reach, the 
construction of a new reservoir would be required, or the 
constancy of the supply would depend upon the uninter- 
rupted action of pumps. 

In estimating the value of this source there must be .con- 
sidered the large expenditures required to introduce and 
maintain the supply, the necessity of cross ipg navigable wa- 
ters with the pipes, the smallness of the supply to be relied 
upon in the distant future, and the vexatious questions that 
are likely to arise between the various cities supplied from it. 
If Charlestown should be annexed to Boston, the question 
miffht arise, whether it would not be well to build works for 
the temporary supply of the latter city, which could hereafter 
be made available in the extensions that will be required to 
meet the growth of Charlestown and the cities now supplied 
from its works. 
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No estimate of cost of works can be given that would be 
even approximate, without surveys and a more thorough 
study of the grounds than has been made. 

IPSWICH AND SAUOUS RIVERS. 

The combined drainage area of these two rivers, above the 
points at which the out-take dams would naturally be located, 
is about sixty-eight square miles. 

Reckoning upon a basis of twelve inches of yearly rainfall, 
it will be found that a water-shed of this area will yield a 
daily supply of thirty-eight and one-half million gallons. 

Dr. Hayes, who made an analysis of the Saugus river wa- 
ter in 1870, for the city of Lynn, says in his report, " It is 
tinted yellow, has a very slight earthy odor and taste when 
fresh, and it is the same after being kept in a warm room for 
eight days. It contains a very little yellowish-brown floating 
matter, and some sand." 

One U. S. gallon contains 

Organic matter, . ... . 2.4 grains. 
Mineral " . . . • 3.12 '* 

Total .... 5.52 «* 

''The gases present are carbonic acid, nitrogen and oxygen, • 
and the organic matter is principally brown vegetable extract, 
such as is generally present in river water, and which gives 
it color." 

At the time I visited this river, in February, the water 
possessed considerable color, and it seemed to be the opinion 
of persons familiar with it, that it was not of a character 
desirable for domestic use. 

The elevation of Saugus river, at the point where the 
water would be taken, is about thirty feet only ; therefore 
pumping would be required to give the necessary head in the 
city, and as it would be impracticable to reach the Chestnut 
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Hill resenroir from this direction, either a new reservoir 
would have to be built, or dependence placed upon a stand- 
pipe. 

The crossing of Charles and Mystic rivers with a conduit 
or pipes of a capacity of thirty or forty millions of gallons 
daily would be exceedingly expensive, and unless a tunnel 
were adopted, the works would possess an element of inse- 
curity. 

As the cost of works for this source would evidently be 
very much larger than that for Charles river, and as no ad- 
vantage in greater purity of water is offered, I have not con- 
sidered it necessary to examine the drainage areas with much 
care, or to devise any scheme of works for the purposes of an 
estimate. 

NEPONSET RIVER. 

The water-shed above Dorchester, of the Neponset river, 
has an area of about one hundred and nine square miles, and 
with sufficient storage will yield a daily supply of sixty-two 
millions of gallons. 

The quality of the water is not good. An analysis of two 
samples taken at the Fairmount bridge, Hyde Park, made 
by Dr. Hayes, in May, 1872, gives the following results : -^ 

Organic matter. Mineral matter. Total Impurity, 

grs. pergal. grs. pergal. gra.pergal. 

Sample 1. 3.16 .2.48 4.64 

*' 2. 2.72 1.52 4.24 

Dr. Hayes says : "These waters are not materially dif- 
ferent, and the impurities present, especially the organic 
matters, are of an objectionable kind. They have an offen- 
sive odor and taste, which are increased by allowing the water 
to stand for forty-eight hours ; both are colored light yel- 
lowish-brown, and contain drainage matters having the char- 
acters of altered soap, dye-stuffs, chemical agents, etc., etc. ' 

"It is my judgment these waters are not suitable for 
domestic purposes, in their present condition." 
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The cost of works to deliver the water to the distributing 
reservoirs would be somewhat greater than that required 
for Charles river. Also the operating expenses would be 
larger, as the Neponset is some twenty-five feet the lower. 
It is, therefore, inferior to the Charles as a source of supply, 
and need not be further considered. 

ASSAWAMPSET, LONG, GREAT AND LITTLE QUITTAOUS PONDS 
IN MIDDLEBOROUGH, MONPONSET AND OTHER PONDS IN 
HALIFAX, HANSON AND PEMBROKE. 

The drainage area of the Middleborough ponds, including 
a section of country that drains into' the outlet brook, is about 
sixty square miles, and the area of the water surfaces is 
about eleven square miles. The country is flat and sandy, 
somewhat like that of the Cochituate district. 

With the large storage capacity that can be easily pro- 
vided, a yearly collection of sixteen inches of rainfall may 
be safely reckoned upon. This gives a daily supply of 
37,300,000 gallons, after allowing for evaporation from water 
surfaces. 

The quality of the water is excellent. An analysis of a 
sample taken from the Little Quittacus in 1865, made by 
Prof. Chase for the city of New Bedford', gave in one U. S. 
gallon, — 

Organic matter, .... 1.024 grains. 
Mineral matter, 736 ** 



Total impurities, . . . 1.760 *< 

An analysis of Long Pond water gave in one U. S. gallon. 

Organic matter, . . . 1:304 grains. 

Mineral << ... .932 <« 



Total impurities, . . . 2.236 
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He says of both samples, '* The organic matter was vegeta- 
ble." 

The drainage area is of a character to insure the purity of 
the water, and a large portion of the supply reaches the ponds 
by filtering through the sand. 

No accurate estimate of the water-sheds of Monponset and 
other ponds in Halifax, Hanson, and Pembroke, can be made 
from the map, as the boundaries are not well defined ; they 
have, however, been reckoned at ten square miles exclusive 
of water surfaces, and they may be expected to yield a daily 
supply of about seven millions of gallons. 

The quality of tjie water is not so good as that of the Mid- 
dleborough ponds, owing to a larger proportion of swamp 
drainage. In February of last year, the Monpdnset water 
had a dark tinge, and tasted somewhat bitter. When mixed 
with the purer waters of the Middleborough district, it prob- 
ably would lose both taste and color. 

There are streams along the line which the conduit from 
Assawampsit pond would follow (as for instance the Blue 
river) , that might be made available to increase the supply to 
fully 50,000,000 of gallons daily. 

The waters of the various ponds and streams would be 
brought to the Neponset river in a conduit, and from thence 
pumped to the Brookline and Chestnut Hill reservoirs. 

The estimated cost of the works for a supply of 50,000,000 
of gallons is $10,800,000. 

Interest upon $10,800,000 at 6 per cent., . . $648,000 
Yearly cost of pumping, 160,000 

Cost of delivering 18,250,000,000 gallons, . . $808,000 
Cost of delivering 1,000,000 gallons, . . $44 27 

As the water would be taken at a low elevation above tide, 
the mill damages would not be large, and it is in this and in 
the purity of the supply, that the chief merit of these sources 
consists. 
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TAUNTON MVER. 

An ample supply can be obtained from the Taunton river. 
Its drainage area above the outlet of Assawampset pond^ is 
estimated at 238 square miles, and its yield, reckbned for a 
collection of 12 inches of rainfall yearly, is 136,000,000 gal- 
lons per day. 

The first cost of works would be about the same as for the 
Middleborough ponds, and the yearly operating expenses 
would be considerably greater, owing to the lower elevation 
at which the water is taken, and the fact that two pumping 
stations would be required. 

As ttie water is of an inferior quality, it is evident that tho 
Taunton is not a desirable source from which to take a supply 
for this 'city. 

n^ AND OTHER PONDS IN LYNN. 

An examination of the map shows that the basin in which 
Flax, Sluice, and Cedar ponds lie, is inadequate to furnish 
more than a small fraction of the additional water that will 
be required for Boston a few years hence ; but the question 
is suggested, will not its proximity to the city, and the fact 
that the intervening territory is in many respects favorable for 
the construction of a conduit, warrant its adoption as a source 
for the temporary increase of the supply to the whole city, and 
eventually for the permanent supply of East Boston ? 

Chemical analysis shows the water of the upper two ponds 
' to be of good quality, and in all respects suitable for domes- 
tic use. The Flax (or lower) pond water is found to be some- 
what contaminated with organic matter of animal origin, 
which is a noxious impurity. 

The source of this contamination is refuse matter, dis- 
charged into the pond in former years, which can be removed, 
or perhaps avoided. 

Careful surveys of the water-shed have been made for the city 
of Lynn, and Mr. McAlpine, in his report upon a water supply 
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for that city, gives its area at 2.48 square miles. liven al- 
lowing that eighteen inches of yearly rainfall may be made 
available, such a limited area would not furnish a supply 
sufficient to warrant the construction of works to«deliver it in 
Boston proper. 

To the north and west of, and in close proximity to, the Flax 
pond basin, are Brown's, Spring and Humphrey's ponds, all 
containing waters of good quality, and having water-sheds 
which, added to that of the Lynn ponds, make an area not 
exceeding five square miles. 

A yearly collection of eighteen inches of rainfall upon this 
area will furnish a daily supply of four and one quarter mil- 
lions of gallons. 

The waters of all the ponds can be collected in Flax pond, 
at an elevation of about forty-five feet above tide, and from 
there brought in a 30-inch pipe to some point in Chelsea, con- 
venient for the location of pumps to elevate the water into a 
stand-pipe connected with the existing system of distribut- 
ing pipes. ^r 

The estimated cost of works is $1,035,000. 
Interest at 6 per cent., upon $1,035,000 . $62,100 00 
Yearly cost of pumping . .• . . 19,500 00 

Cost of delivering 1,551,250,000 gallons . $81,600^ 00 
Cost of delivering 1,000,000 gallons . . $52 60 

The quantity of water this source can furnish would pro- 
vide for the increase of consumption in Boston for a very 
short period only. 

NAGOG POND. 

Nagog is a small pond, with a drainage area of less than 
three square miles, situated in the towns of Acton and 
Littleton. 

With a yearly collection of sixteen or eighteen inches of 
rainfall, it would yield a daily supply of about two millions 
of gallons. 
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The water is undoubtedly of good quality and in erery 
way equal to that now supplied to the city. 
' Its distance in a straight line from Chestnut Hill reservoir 
being nineteen miles, the cost of works to convey the water 
to the latter point, would be greater than the supply to bo 
obtained will warrant. 

CONCLUSIONS. 

Of all the sources examined, the Charles and the Sudbury 
possess the greatest merits, and a choice between those two 
cannot be well made until estimates, based upon surveys and 
the results of experiments upon methods of purifying the 
waters when overcharged with organic matter, are obtained. 

The first cost of works and the. cost of delivering each 
million of gallons would be much less for the Charles, pro- 
vided its water should not require to be filtered, than for the 
Sudbury ; it is probable, however, that filtration will be ne- 
cessary to render it acceptable, and if so, the Sudbury water 
can be delivered with the smaller cost. Moreover, the 
Charles is the natural drain of a territory which in the future 
will support a large population, and its waters will be liable 
to appreciable pollution from the sewage of that population, 
requiring either special means for its purification, or a re- 
moval of the pumping station to a more distant point. 

It should be added that in the case of the Sudbury, the 
cost of delivering is reckoned upon the minimum supply of 
forty millions of gallons per day, but for the greater 
number of years this river will yield a daily supply of fully 
fifty millions, which can be delivered to the Chestnut Hill 
reservoir at a cost of $17 per million gallons. 

For the temporary relief from the threatened deficiency in 
the supply of 1872, the Sudbury presented decidedly the 
best facilities. 

The use of the Charles for this purpose required the erec- 
tion of pumping machinery and the water to be delivered 
without proper time for settling and aeration. 
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REPORT OP CONSULTING ENGINEER. 



Chicago, Feb. 4, 1873. 
Chas. H. Allen, Esq., 

President Gochituate Water Boards Boston ^ Mass. : — 

Sib, — III compliance with your request of November 25, 
1872, Ihave, in company with Mr. Davis, your engineer, care- 
fully gone over his report relative to the future supply of water 
for the City of Boston, and have visited the important points 
on the line of aqueduct he recommends. 

Before recommending any plan, Mr. Davis shows the neces- 
sity of an additional supply, and the danger of attempting to 
make the present aquedu t deliver more than it does now. 
Estimates of future population are necessarily uncertain, but 
the past history of Boston and its present and increasing im- 
portance, as one of the great commercial centres of our coun- 
try, make evident that itshould expect not only to experience 
a similar increase of wealth and population to that of the 
other great centres, but also to have to provide for the wants 
which will come witii that increase, among the principal of 
which is an abundant supply of pure water. 

The supp y has already proved quite inadequate at times, 
and is still more likely to do so hereafter. Boston cannot 
reasonably hope to avoid the usual obligations of large cities 
in this respect. If governed by my own observation and ex- 
perience in this matter, I should increase Mr. Davis' estimate 
of the probable future quantity of water required, rather than 
diminish it. 
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With reference to the capacity of the present aqueduct to 
deliver more than it now does, by being put under greater 
pressure, I know that it was originally designed for a covered 
canal, and never intended to be subjected to prefidiire, or even 
filled to the top. Experience shows that the structure ought 
not to be subjected to any greater strain than those hitherto 
made, or^the consequences may be disastrous. 

The methods taken by Mr. Davis to ascertain the available 
quantity, in the driest seasons, of the different drainage basins 
within fifty miles of Boston, are to me entirely satisfactory. 
His approximate estimates of the probable cost of obtaining 
such quantities, though not based upon actual surveys and 
elaborate plans of his own, are based upon reliable informa- 
tion as to distances and general character of each district, and 
thus furnish a safe means of comparison, especially where there 
are marked differences, and more particularly where it is knoWn 
that a rejected source could not cost less than a given sum. 

Taking into account the results of Mr. Davis* estimates, and 
the probable wants of the city during the next thirty years, — 
not to say fifty, — there appear to be but two sources of sup- 
ply, the Sudbury river and the Charles river (and possibly the 
Mystic river) drainage areas, that should be taken into fur- 
ther consideration. Judging .the future of Boston by the 
past, it is not probable that the Mystic river basin would 
be sufficient to supply the towns that would naturally draw 
from it, and at the same time the increasing demands of 
Boston, long enough to make it an object to construct the 
necessary works, even if there were no legislative objections 
to the plan, or no, present or prospective difficulty of keep- 
ing the water as pure as that to be derived from the other 
sources. Other things being equal, the nearer a source of 
supply is to a large city, the more likely it is to be corrupted ; 
for were it possible to prevent all impurities from being 
thrown into it, or upon the surface of the ground by men, the 
impurities of the atmosphere will be precipitated upon it by 
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in and in other ways, as may easily be seen upon the sur- 
face of snow a few days after it has fallen. It seems to me, 
"tlierefore, that the only choice is between the Sudbury river 
and the Charles river schemes. 

The Sudbury river scheme has been very carefully elab- 
orated, and its probable cost satisfactorily estimated. I have 
scrutinized the details of the plan, and the estimates both for 
the aqueduct and the gathering basins, and with the exception 
of two or three minor details, do not see room for improve- 
ment. Even in these, such as the crossing of the Charles 
river, either by continuing the aqueduct at grade, or using 
syphon pipes to save expen'se, or a slight change of line in 
other places, I am not prepared to say what should be done, 
but would recommend further consideration. Here, I would 
say, there had not been time enough to work out thoroughly 
all the details of the scheme, in addition to so extensive an 
investigation of the essential facts connected with the other 
drainage areas. 

I am fully satisfied that such an aqueduct as Mr. Davis rec- 
ommends may be safely relied upon to deliver 70,000,000 
gallops in twenty-four hours. 

The Charles river scheme has not been elaborated in detail, 
but enough is positively known to prove that it could be made 
to furnish even more water than the Sudbury riv^r, and at a 
considerably less first cost. This being so, it seems to me a 
very important question, why should the larger expenditure 
be made, supposing all legislative objections to be removed? 

If the water of Charles river should require filtering to make 
it suitable for important manufacturing purposes, or agreeable 
for domestic uses, this would be a very serious objection to it, 
not only on account of the additional expense thus rendered 
necessary, but on account of the difficulties attending such a 
process on a large scale in very cold weather. I have from 
personal knowledge no means of deciding this question to my 
own satisfaction, but if the weight of testimony shows that the 
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water of Charles river is decidedly inferior in quality to that 
of Sudbury river, then you would be fully justified in adopt- 
ing the more costly scheme. 

In connection with the above objection, two others, which 
could have no preponderating influence without it, might be 
mentioned ; one is the greater proximity to the city of a large 
portion of the Charles river drainage area, and its consequently 
greater liability to future pollution ; and the other is the greater 
possibility — though very slight probability — of the pump- 
ing works failing to furnish a supply. Two of the cities of 
this country, Buffalo and Jersey City, both dependent upon 
pumping works, have been out of water for a day or so at a 
time. A foreign war, though not accompanied by an actual 
invasion, might, like that of 1812, have so long an embargo 
as to make it impossible to obtain a sufficient quantity of 
fuel. There are other possible dangers of cutting oS the 
supply of fuel, such as strikes among the miners, and epi- 
demics. 

The necessity of providing some means of cleansing or re- 
pairing the lower division of the Chestnut Hill reservoir, 
without limiting the supply for the city to the Brookline 
reservoir, is becoming* greater every year, and should be 
attended to without delay. Mr. Davis' plans for elBfecting this 
' purpose seem tq me to be judicious and advisable. 
Respectfully submitted, 

E. S. CHESBROUGH. 
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